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7in identification of metabolites. Synthesis of nivalenol is prcceeding,

Conditions have been aestablished f£or study in vitro of hepatic nicro-
somal metabolism and for isclation, identification and guantitatizn o
metabolites of anguidine.  Metabolism occurs rapidly in the system; <
three metabolites detectable by fluorescence cn TLC are zresent with:in
15 mi::j;jg) Two have been provisionally identified as acetcxyscispen-

1LYy

ecdiol an cirpenetriol. ©>Sreparation of larger amounts oI the neta-
bolic and HPLC separation and structure identification oI tzhem and ¢

additional metabolites are in progress. In vivo studies of distributic:

.and metabolism of “H-anquidine after parenteral exposure are being per-
formed in mice.

and rats by gavage, parenteral or topical cutaneous application have
been studied by histopathologic amd hematologic examination. The LDSO
has been measured, and sublethal doses that give consistent effecis

on the hematopoetic and lymphoid systems have been established.fgihg__*A

information is being used to detect and quantify the effects of ten-
tially protective compounds such as the radicprotectants and a series
of thiazolium salts. Several of the salts have been synthesized and
tested. They have not shown any protective activity even when given
at near-toxic doses. Thiamine also was tested because of its struc-
tural similarities to the thiazolium salts, butc it had no effect.
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Summarv

The purposes of the resaarcih are w9 2lucidate :the metacol:isn
and toxicity of tricothecene mycotexins, identify and synthesize
their active metabolites and identiiy and synthesize compounds to
block or reduce their toxicity.

An efficient procedure for purification of anguidine has
been developed to provide uniformly pure samples for all phases
of the program. Tritiataed anguidine has been prepared for use in
the metabolic studies, and metabolites have been synthesized for
use as standards in identification of metabolites. Synthesis of
nivalenol is proceeding.

Conditions have been established for study in vitro of hepa-
tic microsomal metabolism and for isolation, identification and
quantitation of met-~bolites of anguidine. Metabolism occurs
rapidly in the system; the three metabolites detectable by
fluorescence on TLC are present within 15 minutes. Two have been
provisionally identified as acetoxyscirpenediol and scir-
penetriol. Preparaticn of larger amounts of the metabolites and
HPLC separation and structure identification of them and of addi-
tional metabolites are in progress. In vivo studies of distribu-
tion and metabolism of 3H-anguidine after parenteral exposure are
being performed in mice.

Toxic effects of angquidine given in lethal or sublethal
doses to mice and rats by gavage, parenteral or topical cutanesus
anplication have been studied by histopatLologic and hematologic
examination. The LDsg has been measured, and sublethal doses
that give consistent effects on the hematopoetic and lymphoid
sy "tems have been established. The information is being used to
- detect apnd quantify the effects of potentially protective com-
pounds such as the radioprotectants and a series of thiazolium
salts. Several of the salts have been synthesized and tested.
They have not shown any protective activity even when given at
near~-toxic doses. Thiamine also was tested because of its struc-
tural similarities to the thiazolium salts, but it had no effect.




Foreword

In conducting the research described in this report, ctihe
investigator(s) adhered to the "Guide for the Care and Use of
Laboratory Animals," prepared by the Committee on Care and Use of
Laboratory QAnimals of the Institute o¢f Labecratory Animal
Regources, National Research Council (DHEW Publication No. (NIH)
78-23, Ravised 1978).
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Segment lA Merabolism
M.A. Marletta
J. Recchia

1. fn Vitro Studies

The studies to date have bpeen directed towards producing
metabolism of anguidine by incubation with phencoarbital-induced
rat liver microsomes and determining now many metabolites exist.
Progress has been made in several areas. The optimum conditions
for the microscmal incubations have been developed along with
¢clean-up procedures to remcve microscmal compenents from the
extraction mixtures. Metabolites have been jeparated by TLC, and
preliminary identifications have been made.

Optimum conditions for the incubation of anguidine with
phenobarbital-induced microsomes have been developed.
Incubations are carried out in 0.1 M POy, pH 7.5 at 37°C with
shaking to keep the solution well aerated. A regenerative NADPH
systam consisting of NADP, glucose-6-phosphate, and
glucose~6-phosphate dehydrogenase was utilized to maintain NADPH
at saturating levels. Incubations were conducted from 5 min. to
2 hrs., and the metabolites extracted 3 times with 2 ml ethyl
acetate, the organic layers combined, and then evaporated under
raduced pressure. The metabolites were dissolved in 2 ml of ace-
tonitrile. Microsomal lipid components were extracted from the
ethylacetate twice with 2 ml of hexame. The acetonitrile layer
was saved and dried down for further analysis.

Metabolites are isolable by 2-dimensional TLC on silica

plates. The solvent systems used were 0.001l% BHoAc/MeCH and
CECly/acetone (3:2) for the first and gfecond dimensions, respec-
tively. Those metsbolites containing the 12,13 epoxy group were
detected as fluorescent spots by the procedure of Sanc et al (J.
Chromatography 235:257-65, 1982). The £fluorophore obtained is
thought to be a stable napthylidine derivative which results from
the N-alkylation of nicotinamide with the epoxy group, and sub-
sequent condensation of this product with 2-acetylpyridine in the
presence of bass.

The presence of metabolites can be detected atter 5 min of
incubation with the microsomes. A total of 3 fluorescent spots,
other than anguidine itself, ware cbservable after 2 hrs.. The
detection limit of this technique is 100 ng/spot. These spots
are not visible in control experiments in which incubations were
conducted without anguidine.

A preliminary identification of two of the spots has been
made by comparison of their Rg-values with that of standards
obtained frem Dr. Roush'’s laboratory. Acetoxyscirpenediol and
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scirpenetrinl were in very good agreement with the uanknowns. The
total number of metabolites will be detarmined v HPLL witn
radicactivity detection.

Suitable HPIC conditions for the separation of scirpenetriol ard
acetoxyscirpenediol from anguidine have oeen developed.
Isolation, under isocratic conditions, is accomplished using a
40% MeOH in H70 solvent with a u-Bondapak Cig column at a flow
rate of 1.5 ml/min. A refractive index detector is used. As
axpectad, the more polar metabolites elute. first in the order
scirpenetriol, acetoxyscirpenediol, and anguidine with retention
times of 4.4, 11.6 and 26 minutes, respectively. Incubations
with radioactive anguidine will permit the quantitation, as well
as the detection of all metabolites.

We obtained 3H~anguidine from Dr. Roush's laboratory with a
specific activity of approximately 13.4 =Ci/mmole. Tue radiocac-
tive material was found to be stable when stored cold in 100%
- EtOH. It was not stable as a solid. The recovery of metaboclites
from the incubation mixture using previous extraction techniques
was found to be 45% of the total radiocactivity. An altesnative
procedure produced 85-90% recovery of metabolites. Jpon ter-
mination of the incubation, NaCl was added until zaturation, and
then the metabolites were extracted twice with 2 ml of ethyl ace-
tatea. The ethyl acetate is not evaporated to dryness because of
the instability of 3H-anguidine. The hexane extraction was not
performed because of this.

The metabolites are best isolated by reverse phase HPLC with
a MeOH gradient. Pigare 1 is the chromatogram of a 45 min. incu-
bation. A flow rate of 1.5 ml/min is used and 1.5 ml fractions
are collected and counted by scintillation. Unmetabolized
anguidine elutes at 55% MeOd (25 minutes). Urnder these con-
ditions, all of the starting material is metabolized aftzr a 45
min. incubation. Table 1 shows .the approximate yiald of each
metabolite.

Table 1
A 3%
B 41%
lod 23
D 47%
E 7%

A Y

Preliminary work shows that the retention time of product B,
under the isocratic conditions given above, agraes with that of
scirpenetriol. Product € or D may be acetoxyscirpenediol.
Products B and C were ocbserved in incubations performed without
NADPH, conditions under which cytochrome Pygg is inactive. (No
products were observed in control incubaticns of anguidine
without microsomes). However, identifications are tentative
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since the ratio of products changes with time during storage.
Alsc, £further work 1is necessary to confirm the purity of each
product. Structural analysis of the metabolites will be done by
GC/¥s .2

Microsomes contain othe:' enzymes, besides cytochrome Pyusgg,
that are involved in the detoxication of xenobiotics. Examples
of these are epoxide hydrolaseP and carboxylesterase.¢ These
enzymes <2exist as iscenzymes. Phenobarbital will induce epoxide
hydrolase, as well as a few carboxylesterases. These iscenzymes
have different substrate specificities, therefore, we would
expect the metabolic profile to chznge when using uninduced or 3-
naphthocflavone-induced microsomes. The observation of metaboli-
tes in the absenca of P45q0 activity suggests that anguidine is a
substrate fZor the iscenzyme(s) of epoxide hydrolase and/or car-~
boxylesterase. This point will be investigated further.

Future work will be directed towards purification of large
enough Quantities of metabolites for GC/MS analysis, as well as
the development cf suitable derivatization procedures and isola-
tion conditions for gas chromatography.

aRosen, R.T. and. Rosen, J.D., Biomed. Mass Spectrom, 9, 443,
1982.

boesch, F., in Enzymatic Basis of Detoxification, Vol II, Chapter
16, 1980.

CHeymann, E., 1in Enzymatic Basis of Detoxification, Vol 1II,
Chapter 15, 1980.
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Seqment 1B Metazbclism
Gerald N. Wcgan
William F. Busby, Jr.

1. Preliminary studies are in progress to validate the counting
procedures and to ensure maximal recovery o¢f administered
[3E]-anguidine. For this purpose 5-week-old male CD-1 mice

(25-30 gm) are being given 10 uCi of (33]-thymidine i.p. and we
are taking the following organs and excreta for counting 2 Ars.
later: lungs, heart, liver, stomach, small intestine (divided
into 3 equal sections correspendiag to the duodenum, ileum, and
jejunum), cecum, abdominal fat, kidneys, spleen, bladder, testes,
brain, femurs (bone marrow), skin, pooled residual organs
(esophagus, thymus, trachea, pancreas, etc.), carcass, blood,
urine feces, and contents of the gastro-intestinal tract.

2. In cther studies we have designed non-occlusive skin
barriers for percutaneocus absorption studies in S5-week-~0ld male
CD-1 mice (25-30 g) and Pischer rats (90-110 g). The barriers
remain intact on the animals for at least 7 days aad permit
apriicaticn of at least 35 ul of solvent or suspension to 2 1.2 x
1.2 cm application site on the dorsum of the rat and 10 ul to a
0.65 x 0.55 cm site on the mouse.

Using Na fluorescein as a fluorescent indicator in prelimi-
nary studies with S-week-old rats, no loss of material from the
applicaticn site was found as measured by fluorescence in urine,
and cage and animal washings.

Rats treated with anquidine in DMSQ were dead or moribund
witkin 18 hours, after developing diarrhea and epistaxis. At
necropsy pulmonary and gastrointestinal hemorrhagic necrosis were
found. Rats treated with anguidine in acetone survived the 7
days of the experiment. At necropsy the skin at the application
site was inflammed ana the soleen was enlarged.
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Segment 23 Chemistrv
N.R. Roush
T.T. Caggiano

We proposed originally to participate in four nhases of this
pregram:

(1) Preparation of Radiolabelled Trichothecenes.
Radiolabelled anguidine and aivalenol are required for metabolism
studies to be carried out by Professors Wogan and Marletta.
Because anivalenol is not available from commercial or private
sources, preparation of radiolabelled nivalenol requires that a
synthesis from anguidine (or some other available trichothecene)
be developed.

(2) Structure Determination of In Vivo and In_Vitro

Generated Metabolites. This work will be periormed in collabora-~
tion with Professors Wogan and Marletta, who will generate and
isolate metabolites during their studies.

(3) Synthesis of Metabolites. Metabolites wilil be synthe-
gsized in order to confirm structure and also to prepare suf-
ficient quantities for biolugical evaluation.

(4) Synthesis of Trichothecene Analoques. We proposed to
synthesize various nuclear analogues of anquidine in order o
probe the mechanism of action. This area is of lower priority
than (1)=-(3), above, and as a c¢onsequence, studies on this
problam have not yet been initiated.

Results

1. Purification of Angquidine

A potential problem for this program as a whole is the
availability of anguidine. An initial 10 g supply was obtained
from the National Cancer Institute, hut this socurce is probably
limited. AaAnquidine is commercially available from Myco-Lab Co.,
but is very expeansive ($1275/g for 99% pure material). As an
alternative, we purchased 2 g of "crude" anguidine fzrom Myco-Lab
($450/g) in order to develop an efficient purification scheme.
The procedure is ocutlined below.

A bottle recaived from Myco~Lab containing ®lg-activity* of
mycotoxin in approximately 25 mL of syrupy liquid (predominantly
lipid~like materials) was transferred with the aid of 80 mL of
CECl3 to a 500 mL round-bottom flask. This solution was diluted
with 240 mL of CH3CN and then extracted overnight with hexane
(400 mL) using a coatinuous extractor. The CH3CN layer was
separated and concentrated in vacuo to give 2.98 g of brown foam
containing anguidine. This material was chromatographed on a 6
inch x 60 cm column of silica gel using 3:1 EtOAc-hexane (1.3 L)
followed by 700 mL of DItOAc as eluent (15-mL fractions
collected). Practions 17-28 containing anguidine by TLC analy-
sis. These ware combined, concentratad td give 1.2 g of crude
anguidine, and c¢rystallized from hexane-ether (two crops to give

BPAhie § 5 K o
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835 mg of pure coxia, mp 162-163°C. An additional 540 mg (toral
yield, 1.37 g) of 2anguidine was cbtained by chromatograpny and
crystallization of the mother ligquors.

This procedure can be performed very easily witain a one
week period and is relatively efficient. Thus, we have purified
a total of 2.2 g of anguiline from two "1 g" samples of crude
mycotoxin. If additional quantities of anguidine are required in
the future, we will purchase more of the crude mycotoxin and
purify it according to this procedure.

We have found that anguidine is rapidly deccnposed to the
inactive apotrichothecene ring system by aqueocus mineral acid.
We have incorporaved this into our safety protocol.

2. Synthesis of 3H-anguidine

We have worked out a procedure for tritium labelling of
anguidine, and have prepared 30 mg of material with a specific
activiiy of 180 m Ci/mmol. The procedure i3 briefly summarized
below.

Ketone 1 was prepared according to Doyle's published proce-
dure by oxidation of anguidine with the reagent prepared from

o ol Jmﬂum‘
isopropanol
A \on e
1 3H-anquidina

trifluorcacetic anhydride and DMSO.2 A troublesocme step i1s the,
NaBHEy reduction of 1 which gives a mixture of stereoisomers
(approximately 9:1) together with some deacylation products.
Purification of anguidine from this mixture by chromatographic
mathods is rather inefficient. Consequently, we preparzd the
3g-toxin by using isotopic dilution techniques. Thus, 1% mg of 1
was reduced with 0.43 mg (100 mCi, 8.8 Ci/mmol) of 3H-WaBHy in 3
ml. of dry isopropanol (room temperature, 24h). The crude prcduct
obtained after aqueocus workup was diluted with 62 mg of cold
anguidine. This sample was crystallized twice from ether-hexane
to give 30 mg of pure 3H-anguidine (180 mCi/mmol). The mother
liquors were diluted with additional <¢old anguidine and
crystallized as before to yield 20 my of 3H-anguidine (57
mCi/mmol). ‘

These crystalline samples were stored at 5°C under N;. Over
the course of one month, however, extensive decomposition of the

-
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larelled JAS was aoted bv Dr. J. Recchia in 2?ref. Marlacta's
iaboratory (dPLi/LSC analrsis). LC apalysis sh .
ponents more polar than ZAS. This necessitazad tha
CAS be repurified,.

The samples were pooled and applied to two 20x20 cm x 0.25
mm silica gel preparative plates, which were then developed cnce
with 53 MeOH in CH)Cl;. The ang:=idizle-containinzg band was
removed and washed with CBECl3 (5x50 mL). The filtrate was con-
centrated in vacno to jive 4C mg ot a white powder which was pure
DAS by TILC analysis. This sample was dissolved in 9 mL of abso-
lute EtOH and stored under N, in a -20°C freezer. HPLC/LSC ana-
lysis showed this wmaterial to be radiochemically pure. The
specific activity was 13.4 nCi/mmol. This material is being used
by Dr. Recchia and no decomposition has yet been noted.

3. Identification/Synthesis of Potential Metabolites

Professor Marletta has generated a number of anguidine meta-
bolies using his in vitro metabolism system. Sufficient quan-
tities for characterization by spectroscopic techniques have not
yet been obtained, howaver. In order to assist his studies, we
have prepared reference samples of a number of compounds which we
expected wouid turn up in the spectrum of natural metabolites.
In particular, samples of C.l5-monocacetate (2b) and triol (24)
derivatives of anquidine were synthesized3 by modifications of
litsrature procedures.6 Dr. Marletta has now identified 2b and
24 as metabolites of anguidine by chromatrographic comparison
with the in vitro genarated mixture. 3yntheses of other poten-

o \\OH 2a Ry = R, = Ac (anguidine)
* 2b Ry = H, Ry =Ac
) 2¢ Rl = Ac, Rz = H
K E_d. Rl - Rz = g

tial metabolites, including monocacetate 2¢c, will de performed in
the coming grant year, as ocutlined in the Proposed Research sec-
tion of this report.

Samples of 2b and 2d (ca. 25 mg each) have been submitted to
Professor Newberne for eventual toxicity studies.

4. Progress Towards the Synthesis of Nivalenol

Qur plan for the synthesis of nivalenol from anguidine is
summarized in Scheme I. Procedures for effecting this conversion
have been published, but the yields for two oxidation steps (at
C.8 and C.7, respectively) are very low.4r3 Thus, the develop-
ment of an efficient synthesis of nivalenol from anguidine
requires that alternative oxidation procedures be developed.

“-
IR, RN .. . «
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Towards this 2nd we preparad triacetate 5 by acyvlation of
anguidine (Ac30, pyridine!® and studied its oxidation under a
variety of conditions (Table I). \Noteworthy are <he discovery cf
selective conditions for production of allylic alcoheol 6, enone
4, and aldehyde 7 in fair to good yield. In addition, oxidation
of 6 with p{ridiuium chlorochromate in CH,Cl; affords encne 4 in
high yield.ll Thus, two different routes to enone i are now
available. Studies on the conversion o¢f 4 tc nivalanol (see
Scheme I) are ia_progress.

1) Acy-, pY.

2) {ox]

QA¢

Anguidine 4

1) [ox]

>

2) XZCOJ, 4eQH

HO /]
HO
Nivalenol (3)

1“@'1»‘
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Table I - Allylic Oxidations of Triacetate S

o

E]

Cxidation Conditions

Se0,, HOAc, Ac,0, 90°¢C

5002, 520, dioxane, reflux

PACl,, AgOAc, HOAc, Te0,, “BuooH
Cr03, 3,5~dimethylpyrazole, CH_C1

2772
c:o3, pyridine, CHZCI2

of 5 was recovered.

39% of 5 was recovered.

)

i~

s 1
70% -
414° -

- 47%
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Segment 2B Chemistry
G.d. Buchi

G. Sreipnhl

Introduction. 12,13-Epoxytrichothecenes with the general
structure 1 are terpenoid metabolites produced by various
fungi.l-4 These mycotoxins were involved in the outbreax of
several hvman and animal mycotoxiccsesl:3:/4 and have recently
gained public interest, as they are believed to be used as chemi-
cal «warfare agents in South-Bast Asia and Afghanistan.> The
toxic effect is probably due to inhibitioa of protein synthesis
in aeukariotic <c¢ells and both the 12,13-epoxide and the
3,10-double bond are ccnsidered responsible for the toxicity of
trichothecanes.3 Reductive opening of the epoxide and reduction
of the doubles bond result in a substantial loss of biological
activi.y.l.3

Rearrangemant of 12, 13-epoxytr.ichothecenes to apotrichothe-
cenes 2 and compounds with structure 3 is of interest as these
products are not toxic.3 Por detoxification of 1l this transfor-
mation could therefore be of interest.
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Secause the 12,l13-epoxide groupg is rather resistant to inter-
molecular attack an iatramolecular resaction which leads to
rearrangement with participation of the double bond was socught
after. We chose Z-substituted thiazolium salts 4 as electrophi-
lic reagents in the hope that the readily accessible Cy4-hydroxy
group would combine with such salts. Expulsion of the leaving
group Y would create a new electrophilic center which might
induce a intramolecular rearrangewent to 3 (Scheme l). Indeed,
some thiazolium salts are knowt to ccmbine with nucleophiles,
especially hydroxide ion.S Derivatives of thiamine (vitamin Bjp)
S became of specii.l interest because the basic aminopyridine
substituent could facilitate the reaction of the potential
detoxicant with the secondary alcohol group at C-4 of a
trichothecene.

R+ X~,R” | NH
) Wi L
/R . '\1, J
YTNS Ry, *NRS S—\S\’HH
5

4 - S

The thiazolium salts 4 should be accessible either by S~
alkylation of the corresponding thiones § or by condensation of
the corresponding thioureas 7 with -halogencketonesS/7 (_cheme
2).

)

—

Scheme 2 .e

R R AkX R X R
PRl G
S . R RNTSS
A



-18-

For initial investigations 2-alkylihio-thiazolium salcs 10
wera svnthesized.® When preparing the corresponding thiazoline
thiones Fl according ' to the literatured,8,9 the
4~-hydroxy-thiazolidine thiones 3 were obtained instead.
Intermediates of this type were described earlier by Lamon.l0
These gompounds, however, lost water when heatedé above their
melting pcint and formed the desired thiones 9 in ncod yield.

'H
__23:5“3 EOH g?»\N_j 2

P\'\/\NH2 R . _ LH
A g 8a
Fh,)\_\i:HB" R CH3 8b
S S
RH 9q
R
CH, 3B
X" eH. T
Y 3 RIR LX
/« \ H | Me 1 110a
'R'S S ' Me | Me I (10b

H |Bnz | Br 110¢c
Me |Bnz | Br {10d

~

Reaction with excess alkyl halide without solvent at room
temperature gave the thiazolium salts as crystalline products.6
When thiamine thions 1l was treated with methyl iocdide, however,
the mixture became yellow and started to smell of methylthiol.
TIC disclosed a complex reaction mixture which contained a com-
pound with intensive blue fluorsscenca.

Possibly, the intermediate thiazolium salt 5 can react
intramo_locularly with explusion of methylthiol to form thiochrcme
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1212,13 which indeed could be isolated from the complex mixture
I small amounts. A similar reaction is probably involved in an
industrial sxnthesis of thiochrome from 13 and l4 in the absence
of solvent.l

NH, |
i j\:j:ij\’\oﬂ m}\smw
ALk .12

o~

- Br
%} Hacs’ma

13 14

—
L

Because the proposed synthesis of 5 led to a complex mixture
and because toxicological studies showed compounds 10 to be
rathar toxic (LDgg of 10a 50 mg/kg)l5 and enhancing the toxicity
of trichothecenes, the synthesis of this compound was abandoned.
The toxicity of 10 could be due to the alkylthio group and it
seemad reasonable to change this substituent to a dialkylamino
group. A basic nitrogen on the C-3 position of the thiazolium
salt could facllitate the intermoclecular reaction with a
trichothecene as outlined above. It was decided to introduce a
(2-pyridyl)methyl substituent, and the necessary thiourea 17
could be prepared from 2-isothiocyanotomethyl pyridine 16 by
reaction with piperidine.

When attomptilnsg to prepars the icothiocyanate 16 by the
method of Jochims,16/17 we did not obtain 1§ but a dark red solid
which contained mainly dicyclohexylthiourea and another product.
After separation its structure was determined to  he
imidazo(l,5-a) pyridine~3(sH)-thione 19 identical with the cou-
pound oitained by thermal decomposition of 18 as reported
earlier.18,19 The structure of 19 was confirmed by independent
synthesis according to the literatures.

4



N s 4

-20-

structure 19
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When 3-aminomethyl-pyridine 21 was treated in a similar
wayl6,17 isothiocyanate 22 and thiourea 23 were obtained
smocthly, but the latter comblned with chloroacetone to give a
complex mixture.

S
A
NH N=C=S ”a N
21 22 23

After these failures we decided to synthwsxze
2-dimethylamino-3,4-dimethylthiazolium chloride 25 which was ori-
ginally prepared by Garreau’ who did not report a detailed
experimental procedure nor any spectroscopxc data.

When an equimoclar mixture of N,N N'-trimethylthlourea 24
(prepared from CS;, MeNH, MeNH3)20 and chlorcacetcne was heated
without solvent to 80° it reacted vigorously to form a dark brown
mixture, but by imprcving the workup procedure a hygroscopxc pro-
duct was obtained in crystalline form.

+Cl
HLNH °j’°”3 HOS ¢
S S Lo S
(H C)N cl (H LN

21. 25

A similar reaction with N,N, N'-triethylthiourea 26 required
higher temperature and lonqer reaction time to form 27 in
moderate yield. Reaction of 28 and 30 with chloroacetone under
similar conditions led to the adducts 29 and 31. Several
attempts to eliminate H30 led to decomposition of 29. Compound
32, however, coculd be fbtained by dehydration of 31 with
N,N'-carbonyldiimidazole.?
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structure 31 )
H.Coi S cH

H.Co~ H N S
572 "NH . 3 —_— > 2 7\
IS aj /45

(Hs 25
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Finally, we attempted to prepare 34 by condensation of
thiourea 3322 with chloroacetone. #hen aa aquimolar mixture of
the two compounds was heated to 50° a strongly exothermic reac-
tion ensued giving a brown-yellow solid that crystallized from
chloroform to give a yellow compound mp 226-228° (sublimes at
185°%). Spectroscopic data of this new substance did not agree
with those anticipated for compound 34. Infrared absorptions at
2550 and 1625 cm~+ indicated the presence of a tertiary amine
salt and the mas3 spectrum with a parent peak at m/z 219 and
intense peaks at m/z 38 and 36 (HCl) suggested the presence of a
hydrochloride. Ultraviolet absorption at 310 aom was shifted to
37 nm in base and when a solution of the salt in water was
treated with base a yellow oil separated which crystallized.
Treatment of an etheral solution of the free base with gaseous
hvdrogen chloride gave the hydrochloride obtained in the original
synthesis.

The reaction product is obviously a hydrochloride and as the
free base was much more soluble in organic solvents NMR spectra
were recorded for this compound. IH-NMR showed a methyl-singlet
at 2.48 ppm, a singlet at 3.00 ppm (6 H, dimethylamine group) and
maltiplets at 6.7-7.0 (1 H), 7.15-7.6 (2 H) and 8.25-8.3 (1 H)
gpm which are due to a 2-pyridyl group. 3C-NMR showed signals
at 17.74 (quartet), 39.45 (quartet), 119.183 (doublet), 119.27
(doublet), 120.96 (singlat), 135.66 (doublet), 147.16 (singlet),
148.78 (doublet), 152.31 (singlet) and 168.76 (singlet) ppm. 1In
the off-resonance spectrum the sigral at 152.31 ppm was broadened
by long range coupling and it was therefore assigned to C-~2 of
the pyridyl substituent. The four doublets ware assigned to the
remaining carbon atoms on the pyridine ring. The quartet at
17.74 ppm was assigned to an aryl-methyl group and the gquartet at
39.45 ppm to a dimethylamino group. The remaining three signals
are due o a trisubstituted thiazole. These findings are best
accomodated by structure 36.

Regioisomer 37 was excluded by the following considerations.
The large bathoshromic shift observed in the transformation of
the salt 35 to the free base 36 is better accomodated by struc-
ture 36 rather than 37 because the nitrogen atom of the dimethy-
lamino is conjugated with the pyridine ring only in the former
structure. A gimilar UV bendavivor was observed with
2-amino-4-methyl-S5-phenyl-thiazole 38 whereas its regiocisomer 29
absoros at shorter wavelengths than its hydrochloride.
Purthermore the signal due to the methyl group in the l3c-MR
spectrum should appear at higher field if it were located at C-5
of the thiazole ring.

“
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A possible mechanism for the formation of 35 is presented in
scheme 3. Thiourea 33 combines with chloroace:jne by supstizu-
tion on sulfur. Adduct 40 could now cyclize, possible with
assistance from the released hydrogen chloride to produce the
Spiro intermediate 41. Ring opening with generation of a new
pyridine 42 followed by cyclization and deanydration would lead to
the thiazole 35.

]
N
N CH
\ 3
(H C)N’( c 7\
S H H / \
32 . 3 2 S HZN s H
3
Z 38 39
~add
W NH OTCHB ‘/NI
NS cl o HE y —
(LY , STNCH),
33 40
—_— | , N
\ : > NN#
H N(CH.) ' —N(CH.,) :
HC S 32 3 //
3 i H3C HN 2 H3c N(CH3)2
41 L2 35

S
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Seqment 3 Toxicologv
P.M. Newbterne, A.I. Rcgars,
R.M. Nauss, 5. deCamargo,
P. Punvyarit, and 3. Riengrojpicak

We have:

L) Measured the LDgqg of anguidine given parenterally, by
gavage or by inhalation in mice.

2) Examined the dosa- and time-related effects on lymphoid
organs, bone marrow and peripheral blood counts of anguidine
administered intraperitoneally to mice and chosen a dose of
anguidine that gives a measurable, consistent response that can
be used as a test regimen for examining effects of the poten~
tially protective thiazolium and radioprotective compounds.

3} Assayed the toxicity of several potentially protective
compounds in mice and made initial studies of effects of certain
of the potentially protective compounds on anguidine lethality
and tissue damage in mice.

4) Prepared a detailed protocol for safe handling of the
tricothecene mycotoxins in the laboratory.

Materials and Methods ,

Male CD-1 mice, 21-34 g, were given anquidine dissolved in
agueous DMSQO., They were bled from the retroorbital plexus at the
stated times after treatment and necropsied. Complete bloed
counts were performed using standard mesthods: complete necropsies
wera performed; tissues were fixed and processed using standard
methods; detailed histological evaluation is in progress and is
partially completed.

1. Studies in Mice Given Lethal Doses of Anquidine
The LDgg in male CD-1 mice, 96 hours after anguidine is admi-

nistered intraperitoneally in 10% DMSO in water, is 20 mg/kg with
95% confidenca limits 17.4-24.6. The LDgy of intraperitoneal
DMSQO in mice in our laboratory is approximately 14 g/kg; we have
seen no evidence of toxicity at 1 g/kg, the average amount given.
In mice examined -4 days after i{ntraperitoreal doses of 15-29
ng/kg of anguidine, we have found mucosal or transmural necrosis
of small 2nd large intestine with little or no evidence of rega-
neration, destruction of both red and white pulp of the spleen,
of germinal centers in lymph nodes and thymic cortex and partial
or complete arrest of spermatogenesis. In mice given the highest
doses, respiratory tract necrosis also was found. Tissues from
animals that survived and were axamined eight days after treat-
mant were normal in most cases. Hematologic studies showed an
early leukocytosis and hemoconcentration followed by leukopenia
and anemia in surviving animals. The white blood cell count was
markedly elevated at 6 hours from an average of 7000 cells/ul to
an average of 42,000 cells/ul. All cell types were affected.
Twenty-four hours after treatmeat the white cell counts ware

P S




-28-

within normal limits or slightly decreased wi=h an increase iz
the neutropnil/lymphocyte ratio. At 72 heurs ztRe counts zad
decreased Lo an average of 2000 cells/ul, ard zhe
neutrophil/lymphocyte ratio was normal. The hematology profile
was norinal by day seven.

The LDgg at 72 hours after administration of anguidine into
the upper gi tract is 15.5 mg/kg with 95% conlidence limits of
13.5-17.8. It is, therefore, slightly lower than the LDsg for
intraper.toneal administration. Gross and histologic changes are
the same as were described following ip exposure.

2. Dose and Time-Related Effects of Anquidine Administered
Intraperitoneally

Anguidine, 15 mg/kg, a dose that is lethal to approximately
5% of mice, caused a significant elevation of the wbc within 1
hour which persisted through 8 hours and thea dropped to a nadir
at 2~3 days; counts returned to normal by 5-7 days (Table 1l).
The differential count showed a shift from the normal ratio,
approximately 75% lymphocytes and 25% polymorphonuclear leukocy-
tes, to the reverse at 24 hours and then returned ~o normal. The
hematocrit was significantly reduced at 24 hours and returned to
normal bv 7 days,

Anguidine, 10 mg/kg, a dose that is not lethal to mice, had
similar but less marked hematologic effects with a drop in wbc at
24 or 48 hours and a return to normal range by 5 days. This dose
did not cause a significant drop in hematocrit. DMSO had no
effect on the blocod counts (Table 1).

Histologic evaluation of lymphoid and hematopcetic tissues
shoved a clear dose response at 24 hours (Table 2). A dose of 1
mg/kg had essentially no effect. A dose of S my/kg caused focal
necrosis and cell depletion in thymus, spleen- and bone marrow,
and higher but sublethal doses had marked effects. Mice given 15
mg/kg revealed significant damage beginning within 1 hour, and
largely repaired by 1 week (Table 3). 1In mice given 10 mg/kg
there was damage at 1 and 2 days with progressive repair over the
following week (Table 4). Cell populations were not entirely
reconstituted in splaen and thymus even at 7 days.

3. Toxicity of Inhaled Anquidine
Mice were exposed to nebulized anguidine in DMSO for 15-35

mninutes. The ICzg is approximately 11.9 mg-min/1, which
corresponds to a dose of less than 11.3 mg/kg (Table 5, Fig. 1l).

3. Toxicity of Potentially Protective Compounds

The monomethyl iodide thiazolium salt (see compound 1l0a in
Prof. Buchi's segment) had an ip LDgg of approximately 70 mg/kg,
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with 95% confidence limits of 48-95 mg/kg. An ip dose of 40
mg/kg, which resulted in no deatns when administered alone, was
given 13 minutes nefore administration of 24 mg/kg anguidine, a
dose which, given alone in that experiment, killed S503% of reci-
pients. All mice given both ccmpounds died, leading to the
conclusion that the thiazolium compound potentiated rather than
blocked anguidine toxicity.

Thiamin was testad in the same system. The approximate ip
LDio for thiamin was 200 mg/kg. We gave a dose of 100 mg/kg,
which, given alone, was not lethal to mice, immediately after or
15 or 30 minutes before administration of an LDgg of anguidine.
Thiamin had no affect on anguidine toxicity.

J e N U S I S
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Two additional thiazolium compounds wer=2 studiad. In mice
given Compound V (btelow’) ther2 were no deaths at 25 mg/kg, 7353
mortality at 50 mg/kg and 1l00% mortality at higher doses. For
Compound VI (below) the respective figures are 530 and 100 mg/kg.
WR2721 also was tested; there were no deaths in mice given 500
mg/kg or less; 3 of 4 mice given 1,000 mg/kg died.

c . CH
As

"3

0P

H5C§{¥ S

C

H_CG
1

2Hs
-
(vI)

Groups of mice were given 10 mg/kg angnidine ip and one of
the thiazolium salts, WR2721 or thiamin. The dosa of each com-
pound was approximately 25% of the (approximate) LDgg; the com-
pounds were given ip as a single dose either 30 minutes before or
30 minutes after anguidine or both 30 minutes before and 30
miutes after anguidine. Mice were bled for hematologic studies
and necropsied 48 hours after anguidine administration.
Anguidine induced the characteristic decr=ase in wbec in all
gro.us, and no evidence of protection by any of the compounds
could be discerned. Histologic evaluation of the tissues is in
progress.
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Tabla 1. Z2£ffa2cts of Anguidine on Peripheral Whicas Biocod Cell
Counts in Male CD-1 Mice
Time After Anguidine Dose (mgo/kg body wt., average + SEM)
Administration
of Anguidiae 0 1 S 10 15
0 6520 + 960
1 hours 26,500 + 780
2 38,960 + 1040
4 25,630 + 840
6 24,310 + 7650
8 | 18,190 + 7410
1 day 9300 9010 4690 5250 + S60 5160 + 113020
+740 +920 +730
1 day 8558 8695 + 1719
+647
2 5195 + 489
3 4819 + 778
4 6625 + 4€9
S 7765 + 786
6 10,667 # 1235
7 10,074 + 984

apifferential showed marked shift from 74% lymphocytes and 213
polymorphonuclear leukocytes in controls te 38% and 61%, raspec-
tively, in mice given 10 mg/kg and 35 and 64%-respectively, in

mice given 15 mg/kg.

bHematocrit was reduced in these rats.
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2 Number of mice affected/number examined.

w2 -
Table 2. Dose Response of Lymphoc-hematopoetic Organs %o
Anguidine: Lasions at 24 Hours
Anguidine 1l mg/kg 5 mg/kg 10 mg/kg 15 mg/kg
Dose

Thymus Cell Depletrion Necrosis (1/3) Necrosis Necrosis
(1/2)2 + Cell Depletion (12/12) (12/12)
Lymph Nomal Normal Necrosis Necrosis
Node . (3/12) (1/12)
Spleen Ceall Depletion Cell Depletion Necrosis (4/12) Necrosis
(/) (3/5) + Caell Depletion (10/12)
Bone Cell Depletion Call Depletion Necrosis Necrosis
Marrow (1/2) (3/5) (8/12) (11/12)

-
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Table 3. Time Response of Lympho-hematopoetic QOrgans toc aAnguidine, 15 mg/ka

------ HOUurs «===w== o=smcccemcoco=== D3Y5 scwecccacaa—coea==
1 6 1 3 5 7
"Thymus Cell Necrosis Necrosis Necrosis Cell Normal
Depletion (5/3) (12/12) (4/5) Depletion
(4/4)3 (3/3
Lymph Necrosis Necrosis Necrosis Normal Normal Normal
Node (4/4) (4/5) (1/12)
Spleen Necrosis Necrosis Necrosis Cell De~  Normal Cell De-
(1/4)+ Cell (5/%5) (10/12) pletiecn pletion
Deplaetion (1/5) (3/10)
Bone Necrosis Necrosis Necrosis Necrosis Normal Ncrmal
Marrow {4/4) (3/5) (11/12) (1/5)

ANumber of mice affected/number examined.

T
N N NERSICL W, A I




-34-

aNumber of mice affected/number examined.

Table 4. Time Response of Lympho-hematopcetic Organs ta Anguidine, 10 mg/kg
Days 1 2 3 4 5 6 7
Thymus Necrosis Necrosis Cell De- Cell De- Cell De- Normal Normal
(12/12)2 (3/4) pletion pletion pletion
(3/4) (2/4) (2/3)
Lymph Necrosis Normal Normal Cell De~ Cell De-~ Normal Necrosis
Node (3/12) pletion pletion. (2/7)
(2/4) (1/3)
Spleen Necrosis Cell Da- Normal Call De~ Call De- (Cell De~ Necrosis
(4/12) + pletion pletion pletion pletion (1/7) +
Cell De- (4/4) (3/4) (2/3) (3/3) Cell de-
pletion pletion
(11/12) (4/7)
Bone Necrosis Fibrosis Pibrosis FPibrosis Cell De~ Normal Normal
Marrow (8/12) (3/4) (2/4) (3/4) pletion
(1/3)

@l
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Table 3, Exposure of Mice to Anguidine by Inhalaf:ion

A. IXPOSURL CONDITIONS

{Conceneration af Angquidine {n eSO « §7 ng)

A ] ¢ ) £ r .
Nominal

Weigie Angquidine Concentration Concentrae
Lost From Cenerated Tocal Aiz- of Anquidine tion X
Nebulizer Suring Run Quration flow During in Alr Tire CXX
Ouring Run A x 87 ag Of Run Run 20":: 3/0 ng/L mg-nin, /L

1.27 (¢} 35.09 13 307.58 276 ) 4,14

.89 193.63 20 410 A2 9.44

3.18 211.08 13 512.8 412 10.3

3.8 228.12 28 §74 .J392 10.97¢

.78 253.28 o 818 412 12.36

4.2) 82.07 b mn.s .393 13.78

8. ANIMAL DATA
Mominal

e R M T W At L i o

1-4 13 4.14 o/4 17.0 ¢ 1.8 12.0 2 0,4 - 18,5
20-23 20 9.44 o/4 3.8 = 0.7 18.7 2 1.2 - 153
24-27 s 10.3 /4 8.1 2 0.8 1.3 2 1.8 - 15.1
8-31 b ] 10.98 Y4 2.8 2 0.8 e ——
16=19 30 12.3¢ 4/4 2.2 1.0 e ecaes —~e——

-8 s 3.78 /4 23.9 £ 0.4 17.1 - 28

=15 38 -0 /s 8.3 220 - 6

i

3.7 2 1.3
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% MORTALITY

ANGUIDINE

Nominal Concentration x Time vs. Mortality
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